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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 2153

THE STABILITY OF THE COMPRESSION COVER OF BOX
BEAMS STIFFENED BY POSTS

By Paul Seide and Paul F. Barrett
SUMMARY

An investigation is made of the buckling of the compression cover
of post-stiffened box beams subjected to end moments. Charts are pre-

‘sented for the determinastion of the minimum post axial stiffnesses and

the corresponding compressive buckling loads required for the compres-
gion cover to buckle with nodes through the posts. Application of the
charts to design and analy91s and the limitations of thelr use are
discussed.

If the flexural stiffness of the tension cover is equal to or less
than that of the compression cover, buckle patterns with longitudinal
nodes through the posts are not obtalinable, no matter how stiff the
posts are made or how closely they are spaced.

The weight of the required posts is found to be very low compared
with the weight of the compression cover in an illustrative example, the

ratio of the two being about 2% percent.

INTRODUCTION

Post-type comstruction has recently gained some support in the air-
craft industry. This construction has been lncorporated in at least one
operational alrcraft and is being considered for others. The basic ele-
ments are relatively thick tension and compression surfaces connected in
the Interior by posts or rods. These posts serve to raise the buckling
load of the surfaces by restricting the buckle patterns that may form.
In reference 1 and in the present paper, a compression surface supported
by a rectengular arrasy of rigid or effectively rigid posts is found to

uckle as CcO UsLly supp d along elther transverse or longi-

tudinal lines f{hrough the postis.

If post-type construction is to reach an advanced stage of develop-
ment, much research is needed. The large number of parameters involved,
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even in the simplest idealization of the problem, however, mskes a com- .
plete investigation difficult. The scope of the present—investigation
has therefore beéen very mich limited. -

The problem as concelved in the present paper is as follows: Two
long, flat, rectangular plates of identical length end width, simply
supported along their edges and of unegqual thickness and material pro-
pertieg, are commected in the interior by identical axially elastic
posts in rectangular array. The connectlion between the posts and plates
is assumed to be one of simple support (of the ball-and-socket type, for
instance) sc that no resistance i1s offered to rotation of the plates.

One plate is subjected to & longitudinal compressive load and the other,
to an equal longitudinal tensile load. Both the longiltudinal and trens-
verse spacing of the posts are-uniform; the two spacings, however, may
differ. (See fig. 1.) The minimum axlal stiffness of the posts required
for the compression surface to buckle with nodes through the posts and
the corresponding buckling loads are tc be determined.

*

The structure thus outlined is an i1dealization of a long post-
stiffened box beam subjected to end bending moments. The numerical
results of a theoretical analysis of this problem are presented herein
in both tabular and graphical form (tables I to III and figs. 2 to 4).
The analysis 1tself, presented in the appendix, is of a more general
nature and may be used to investigate other problems in the design of -
plate structures stiffened by posts. : -

RESULTS AND DISCUSSION

The numerical results of the present—investigeation consist of
values of the minimum post stiffnesses and the corresponding compres-
sive buckling loads required for the compression surface of long post-
stiffened box beams subJjected to end bending moments to buckle with nodes
through the posts. Because such buckle patterns do not transmit-load to
the posts, the posts are not compressed and are effectively rigid. ZPost
axial stiffnesses greater than those presented herein will not serve to
increage the buckling lcad of the structure. Combinations of the post
axial-gtiffness paresmeter and the compressive-buckling-load parsmeter, for o
different values of the rativof-the longitudinal distance between posts
to the box-beam width and the ratio of the fléxural stiffnesses of the
tenslon and. compression surfaces, are given in tables I to III and are
presented graphically in figures 2 to 4 for one, two, and three rows of
posts. _ . o o = '

¥l

K

The symbols used in the presentation of the numerical results are =
the following which are also shown in flgure 1:
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Nxbe/ﬁ2DC compressive-buckling-load parameter (k)
FbP /72Dg “post exial-stiffness parameter
L/b ratio of longitudinal distance between posts and box-beam
width °
DT/DC ' ratio of flexursl stiffnesses of tension and compression
surfaces
Ny critical load in tension and compression surfaces
b box~beam width
Et3
D plate flexural stiffness [ ———m—
12(1 - p?)
t plate thickness
E Young's modulus of elasticity of plate material
T Poisson's ratio of plate material
F axial stiffness of posts, force per unit deflection .
L longitudinal distance between posts

The subscripts C and T refer to the compression and tension sur faces,
respectively. The subscript cr reférs to the transition from buckling
with longitudinal nodes through the posts to buckling with transverse
nodes through the posts. ' ) -

The most significant qualitative result to be read from the figures
(especially figs. 2(c), 3(c), and 4(c)) is that buckling of the compres-
sion surface with longitudinal nodes through the posts is never obtain-
able for box beams in use in aircraft comstruction (for which the stiff-
ness of the tension surface is at most equal to that of the compression
surface), even if the posts are infinitely stiff. Reference 1 shows that
if the tension surface and the posts are rigid, buckling of the compres-
sion surface occurs with*longitudinal nodes through the posts when the
ratio of the distange between the posts and the box-beam width is less

than a certain wvalue %-<:(L) and with transverse nodes through the
cr,
posts when this value 1s exceeded. Thege results are found to hold when

the flexural stiffness of the tension surface is as little as about 3.5
times that of the compression surface (the exact value of DT/DC depends
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on the number of rows of posts) and when the post axial stiffnesses are
those given in figures 2(a), 3(a), and 4(a). However, if the flexural-
gtiffness ratio is less that this value of about—3.5, neither longitudinal
nor trensverse nodes through the posts can be obtained for some values of
L/b, even if the post axlal stiffness is made infinite. The spread of
these values of L/b is indicated by figures 2(c), 3(c), and %(c); the
buckling loads in this region when the posts are rigid are shown by the
dashed-line curves of figures 2(b), 3(b), and 4(b). As the flexural-
stiffness ratio decreases, the region in which the compression cover
buckles with longitudinal nodes through the posts also decreases until,
when the ratio is about‘l 5 or less, the longitudlnal—node buckle pattern
is not obtainable. .

Limitations on Use of Curves in Analysis

The use of the curves of figures 2 to 4 for analysis is subject to
many limitations. Inasmuch as the investigations of the present paper
are limited in scope, the buckling lozds of plates having post stiffnesses
less than the stiffness required for nodes to pass through the posts can-
not be found in most cases. Certain conclusions, however, may be drawn
from the present resulte to aid in the determination of whether a given
load wlill be carried by a glven plate-post system:

(1) 1If, for given values of the ratio of the flexural stiffnesses of
the tension and compression surfaces and the ratio of longltudinal distunce
between posts and box-beam width, the required buckling-load coefficient
lies above the appropriate curve of figures 2(b), 3(b), or 4(b), the losd
cannot be carried because these curves indicate the maximum buckling loads
of long plate-post structures. = ) . ) o _ -

(2) If the biickling-load coefficient lies on or below the solid or
dash~dotted part of the appropriate curve and the post axial-stiffness
peremeter is greater than or equal tu the value reguired for nodes to
pass through the posts, as grven by figures 2(a), 3(a), or L4(a), the load
can be carried. : -

(3) If the buckling-load coefficient lies on the appropriate solid or CC
dash-dotted line curves, and the post axial-stiffuess parameter is lese = }
than the required value, the load cannot be carried. Further investiga-
tion is required if the buckling-load coefficient lies below these curves.

(4) If the buckling-load coefficient falls on the dashed part of the
appropriate curve the load can definitely not be carried because an ]
infinite . post stlffness would be needed. Further 1nvestigation is neces- .
sary if the buckling-load coeffic1ent is below these-curves. _ -

Several simplifying asssumptions that also may affect the applicability -
of the present results to the design and analysis of actual post-stiffened '
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box beams have been made in the statement of the problem. The statement
that the plates are flat and subjected to axial loading implicitly neglects
the effects of bending of the plates and the resultant loads on the posts,
due to the end moments. DPossible buckling of the posts has not been con-
sidered but may be dealt with by meking the moment of inertia of the post
as large as possible. If hollow or built-up sections are used for this
purpose, the thickness of the walls should be made large enough to prevent
local buckling. .

Because of the large number of computations involved, no investigae-
tions have been made to determine the adequacy of the present results in
their eapplication to plates of finite longitudinal length. It seems
reasonable, however, in view of the results of references 3 to 5, to
conclude that a finite plate having three posts or more in the longi-
tudinal direction may be considered long, insofar as buckling with trans-
verse nodes through the posts is concerned.

APPLICATION TO ANALYSIS AND DESIGN
I1lustrative Design
As an illustration of the application of the varilous charts to a

design problem, the posts are designed for a plate structure for which
the following data are glven:

Unit loed, N,, pounds per inch . . . . . . C r e e e e e e 15,000
Compression-plate thickness, tc equals tension-plate

thickness, tT, inches . . & ¢ & & ¢ v e e e e e e e e e e e 0.375
Plate width, b, inches . . . . . . . ¢ . . « .« v v v v W .. 28
Vertical distance between plates, h, inches . . . . . . . . . 5.
Modulus of elasticity of plate materiel, B, psi . . . . . . . lO 5 %X 10
Poisson's ratio of plate material, B . . .« « +v v v « v 4 4 . . 0.3

It is desired that the buckle pattern be such that nodal lines pass
through the posts. This specification is equivalent to that of designing
the ribs of skin-siringer construction so that buckling takes place -
between ribs.

The required compresslve—buckling-load coefficient of the structure
is given by Nyb2/x2Dp where
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Egtgd
Dp = ———
12(1 - pe@)

_ 10.5 x 106 x (0.375)3
12(1 - 0.32)

= 50,700 pound-inches

Then,

2 . .
Nyb™ 15,000 x 28°
72D 50, 70072

23.5

Inasmuch as the thickness and material propertles of the tension plate
are identical with those of the compression plate, the value of Dp/Dg

for the problem is unity.

The meximum buckling~load coefficient obtainable with any number of
N, b2

rows of posts is glven by ——
r=Dgo
s long plate of width b/K. From figure 2(b) it can be seen that the
required buckling-load coeffic1ent may not-be obtained with one row of
posts. The coefficient could be obtained by using two rows of-posts but
the required buckle pattern of nodes passing through the posts could not
be obtained. At least three rows. of posts must be used.

If three rows are used, the curves of figure 4{b) indicate that,
for Dp/Dg equal to 1. 00, a buckle pattern with transverse nodes through

the posts-is ebtainable. With Nyb /ﬂaD equal to 23.5, the corresponding

value of L/b 1s equal to 0.215. Hence, the maximum permissable longi-
tudinal post spacing L. 1s glven by

L = b
)
8

X 0.215

6.0 inches

The minimum required post stiffness may now be obtained from figure 4(a}).

= hNe,'the buckling-load coefficient of—
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With L/b egqual to 0.215 and Dy/Dy, equal to 1.00, the corresponding
vealue of Fbg/ﬂeDC is equal to 300. The post stiffness is then

1(2DC Fb2
b2 7fDg

F =

(28)2

191,000 pounds per inch

If the posts were of aluminum, the required area would be

A = F

=

5.5 X 191,000
10.5 x 10°

0.100 square inch

The diameter o0f a clrcular rod would be

a =|/i % 0.100
19

0.36 inch

The ratio of the weights of posts and compression cover is 0.026.
This ratio 1s appreciably lower than that of the weights of ribs and
compression surface in conventional skin-stringer construction, given in
reference 2 as gbout 0.5 for minimum weight design, and represents a
great saving in gtiffening material. The question of whether such low-
welght ratios are obtainable for actual box beams in which factors other
than buckling of the compression cover must be considered in design can-
not be completely answered until many designs utilizing post stiffening
have been made. ’
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CONCILUSIONS

The minimnm post—axlial stiffness and the corresponding buckling
loads required for the compression cover of & box beam stiffened by posts
and subjected to erid moments to buckle with nodes through the posts have
been determined. Where buckling with nodes through the posts is not-
obtainable, even with riglid posts, the buckling loads of box beams with
rigid posts are given.

If the flexural stiffness Of the tension cover is equal to or less
than that of the compression cover, buckle patterns with longitudinal
nodes are not obtainable, no matter how stiff the posts are made or how
closely they are spaced.

For the particular example worked in the present—paper the welght
of the required posts ie very low compared with thf weight—of the com-
presgion cover, the ratio of the two being about 2 percent. A complete

evaluation of post=stiffening is not possible, however, until many more
designs and tests have been made.

Langley Aeronamtical Laboratory
National Advigsory Committee for Aeronautics
Langley Air Force Base, Va., May 10, 1950



- -

NACA TN 2153

X,Y,Z
X,¥,2

W

8mn

i,J,m,n,r,s

APPENDIX

DETATIS OF ANALYSIS AND CCMPUTATIONS

Symbols

width of plates
plate thickness
Young's modulus of elasticity of plate material
Poisson's ratio of plate material
- Et3
plate flexurael stiffness | ———
12(1 - p2)

plate flexural-stiffness ratio (Dp/Dg)

" .plate load per unit width

plate-load coefficient (buckling-load coefficient for
compression plate) (Nxbe/ﬁzD) '

number of longitudinal bays

number of transverse bays

longitudinal distance between posts

aspect ratio of plate between adjacent lines of posts (L/b)
axial stiffness of posts, force per unit deflection

axial post-stiffness parameter (sz/nzDC)

coordinate axes (see fig. 1)

distance along coordinate axes

plate deflection in Z-direction

general coefficlent in Fourier series for w

integers
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c integer defining location of post in x-direction
(1Secs(M-1)

d Integer defining location of post in y-direction
(tgag®-1) -

q integer defining number of buckles in x-direction
@<SesM-1)

P integer deflning number of buckles in y-direction
(@isps(v-1))

U potential energy

v strain energy

W work done by external losads

Subscripts:

c compression plate

T tension plate

P posts -

Derivation of Criteris for Stability of Plate
Structures Stiffened by Posts

The following problem is more generel than the one outlined in the
introduction: i

Two flat, rectangular plates of equal finite length and width,
simply supported along their edges and of unequal thickness and materisl
properties, are connected in the interior by identlcal axially elastic
rods in rectapgular arrey. The connection hetween the posts and plates
is one of sgimple support, of the ball-and-socket type, for instance, so
that no resistance is offered to rotation of the plate. The plates are
subjected to unequal axial loads. Both the longitudinal and transverse
spacing of the rods are uniform; the two spacings, however, may differ.
(See fig. 1.) The combination of loads that~will cause the structure to
buckle- is to be found. '

The Rayleigh-Ritz energy method used to analyze this problem consists
of the following procedure. Fourler series to represent the deflected
shape of the plates are first assumed. The energy of. the various components
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of the structure and the work done by the external loads are then
expressed in terms of the unknown Fourier coefficlients, and the potential-
energy expression of the structure is written. When the potential-energy
expression is minimized with respect to each of the coefficients, a set
of simultaneocus equations is obtained which is manipulated in the manner
of references 3 and 6 to yield finally the stability criteria for the
structure.

The deflected shapes of the two buckled plates ‘may be expressed
generally by the double Fourier series

o] [-+3
Wa = E E ey, 510 M gin B (1)
C =T ML b
W = Ew Em in BIX gyp DAY (2)
m = a.mnT gin EI‘— sin 5

m=1 n=1

These expressions satisfy the condition of simple support on all four
edges of each plate. .
The energy stored in the buckled plates is then

2 _ 2
&:_ jMI. f‘b <azwc asz oy s ET_ fm. fb asz 32 = ay
2Jy Jo \ax2 32 . 2 dx? ay2

0 0

Vc +VT

8?:;.)3 ,,:1 —T ]: () _—_l@camc +Dramr> (3)

and that stored in the deformed posts is

M-1

1. |
Vp - % '2'6’0 - WT>2

Cc=

F M-l - nne 40 ond
B P S ] 0

c=1
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The work done by the loads in moving with the ends of the plates is 7

www%ffaﬂaw—ffc>my

_ b Z S a w2 (Vxgomng? Mg 2) (5)

n=1
The potential energy is

U=VC +VT +VP—WC—WT

o ST S [ (D] ot + ) -

8(ML)3 m_l

e - o o0 2
R N

m%%m.(}%amc res) )

The buckling load is determined by the condition that the potential

energy be a minimum; that—is,
L 4

U . U -0 ..(i=l, 2,-. S
BaiJC Baid . ('j = l_) 2’ L °°) -
or T Ll . i
- iM33s
[(i + 5oM 2) kcieMQﬁ'e]ai ot ‘3 ZZ
mn= n_ L

mnc inc N-1 nnd in Jmd = 0 (7
amnT> E in'_if- %il sin — sin S . -
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and
2 . .242.2)2 22 3p3s <= 2 '
(12 + 32237 + izMB:\ai - ST S (e -
kT . o J(ER m=1 n=1 (
%;l. sin XS gin in%><:§? - sin nrd gin Jzd =0 (8)
amnT> =T DI AN v v,
(i = 1, 2, . ®)
(J = l; 2, . °°)
Equations. (7) and (8) may be combined to yield
uM3;33s ' 1.
(?ij - 843 ) +
C T 2
(i J.2Mz|32> - ko157

g

1

>_>
R<i2 N 3%42;32)2 + kpi22p2 | =T T B=1

' M-l xC nwd Jﬂd\
amnT> éil _sin - sin'———- sin - sin —ﬁi/ =0 (9)

= _ (oung -

(1=1, 2, . . . )
(3=1, 2, . . . =)
unless aijc =~aiJT, in which case
kg = ¥y
2
_L 2 M (i=' ,...oo)
—<MB+J —i@) (3 = l 2, « . . x) (.lo)

which indicates that both plates are subjected to their respective Euler
buckling loads.
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The remaining detalls of the analysils are similar to those of )
references 3 and 6 and are therefore omitted. In summery, the series

- N-1 ' )
iL_ mrnc Irnc ned | jnd
< gln v si_n - <§ sin TE sin -M—>

c=1 d=1

may be evaluated by means of the teble on page 8 of reference 3. Equa-
tions (9) are then seen to. separdte into independent sets, each of which
mey be manipulated to yleld a stability criterion. The resulting criteria
are : o o : -

BBN 0 ) 1

- — 2 +

@ T=0 “8=0 k052<25 . }%)2 ) [<23 . %)2 + (2N + P—)QBQJE

] 1 .
kCBQ 2(s + 1) - &‘12 - {[:2(5 +1) - %]2 + (2N + p)zﬂzj}e
1

+
kcg2(zs + %)2 - {(25 + %)2 + [E(r + l)N - pfsz 2
1

kcﬁe[z(s +-1) - %]2 - {(:2(3 +1) - 1%]2 + [2(1' + L)N - p]eﬁz}e
-B_3-N- o0 ) 00.
7 2o

L +
- kTBEES + ﬁ]e ¥ [(23 +—%)2 +-(2rN + p)2£32]2
1

+

+

k‘I‘BE[é(s-+ 1) - ;{]2"+ {[2(5 + 1) - %]2 + (2rN + P)%Q}E

1 +
kTB2<25 + &)2 + {(29 + I‘%)E + [E(r + 1)N - p]zﬂz}g

L 2 5\ = 0 (11)
kppZ[2(s + 1) - ﬁ]g N {@(s +1) - 31+ oz + 1N - 'p]‘?ra?}
(g =1, 2, . . . M-1)
(p=1, 2, . . . N-1)
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and
ko = kg
2
M2B (r=1,3,5 ...
-(3+ 222 b3yt e
and
ko = -kq
2
M2B ' r =2 ll-,6...co)
=-<%+I‘2—s—- Es=2: b, 6: . e . @) (13)

Equations (10) to (13) conmstitute the complete set of stability criteria
for the problem. -

Computation Details
The computations maey be divided into three main groups:

() Find the minimum post stiffness required for the compression
cover plates to buckle with longitudinal or transverse nodes through the
posts. ' o ’ C R '

(b) In those regions where the required stiffness does not exist,
find the buckling load attainasble with infinitely stiff postis.

(c) Find the boundaries of the various regions.

Equation (ll); which was used to make the calculations, involves nine
quantities, eight of which must be known in order that the ninth may be
determined. These nine quantities are the post axial-stiffness parameter
(sz/xEDC or S), the ratio of the distance between posts and the box-
beam width (L/b or B), the two axial-load parameters (Nbe%/nch or kg
and NXTb?/nZDT or ké), the ratlio of the flexural stiffnesses of the
tension and compression cover (Dp/Dz or R), the number of bays in the

longitudinal and transverse directions (M and N), and the integers
which indicate the number of buckles in the longitudinal and transverse
directions (q and p). Values of these quantities are determined by
the details of the problem to be solved. 1In all the computations for
the present paper,. the box beam has been taken to be infinitely long.
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Buckling with transverse nodes through the posts.- If the compres-
sion cover bucklés with transverse nodes through the posts, the buckling-

load coefficient.is
2

which is the compressive-buckling-load coefficient of a simply supported
pPlate of length L and width ‘b. The load coefficient in the tenaion:
cover was chosen for the present paper as

kg = Rig

The minimum required post axisl-stifffiess parameter is completely deter-
mined by equation (11) for specified values of the cover flexural-
stiffness ratio, the length-width ratio, and the number of rows of posts,
i1f the number of buckles in the longitudinal and trénsverse directions
are also known. ' S

The ratio  q/M is indicative of. the number of buckles in & longi-
tudinal bay of the buckled. plate. It seemed reassonable, in view of the
results of references 3 to-5, to conclude that ¢/M should be taken as
unity, since it mey be assumed that the transition from buckling with
deformation of the posts to buckling with transverse nodeg through the
posts is continuous for structures with an infinite number of longitudinal
bays and not abrupt as would be the casée if the number of longlitudinal
bays were finite. One buckle occurs in the transverse direction and,
therefore, p was teken equal to unity. '

Buckling with longitudinal nodes through the posts.- When the ratio
of—the longitudinel spacing between posts to the box-beam width becomes
small, the buckle pattern abruptly changes from one with transverse nodés
through the posts to one with longitudinal nodes through the posts. The
value of the width ratio at—which this phenomenon  occurs was found by
equating the. buckling loads for the two types of buckling because the
two are equal at the polnt of transition. The compressive-buckling-load
coefficient” for. a.long eimply supported:plate of width b/N 1s given by

ko = kN2

The-critical length-width ratio was, therefore, found from the relatiomship

uN2 =(:§L + B)E

s

or
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The minimum post axial-stiffness parasmeter required for buckling
to occur with longitudinal nodes through the posts can be found from
equation (11) provided that the ratio q/M and the number of trans-
verse buckles are known. The calculations of reference T for compres-
sive buckling of plates with longitudinal stiffeners indicate that the
change from buckling with deflection of the stiffeners to buckling with
nodes at the stiffeners is ebrupt and that only one transverse buckle
should be assumed for the determination of minimum required flexural
gtiffness. It seemed logical that this condition should be assumed to
hold also for plates stiffened by posts and, accordingly, p was taken
equal to unity. The value of q/M was determined by graphically mini-
mizing the post exial-stiffness parameter with respect to q/M; that is,
various values of ¢q/M were chosen, the corresponding values of S were
obtained from equation (11), and the correct value of § was determined
by drawing a curve through the computed values and picking off the
minimum.

Boundary between regions.- A third type of buckling is found to
sppear for relatively low values of the cover flexural-stiffness ratio.
For instance, when R was equal to 2.00 the minimum post axial stiff-
ness required for either longitudinal or transverse node buckle patterns
was found to be unobtainable for a certain range of values of the length-
width ratio. Further investigation showed that the post aexial stiffness
required for a longitudinal node buckle pattern became infinite at a
certain value of the length-width ratio $ less than ﬁcr and that the

post axial stiffness required for a transverse node buckle patiern became -
infinite at some value of B greater than B.p. Between these two values,

only buckle patterns with deformation of the posts are obtainable. (If the
posts are rigid they displece axially but are not compresse@.)

The maximum value of the cover flexural-stiffness ratio R at
vhich this phenomenon is found to occur wes determined by setting the
post exisl-gtiffness parameter equal to infinity, the length-width ratio

equal to Bgp, the load coefficients k; and kg/R equal to (_Bl + Bcr> ,
cr

the ratio q/M and the number of transverse buckles egual to unity, and
solving equation (11) graphically. This procedure determines the value

of R for which the spread of the range of 8, in which the third type

of buckle pattern occurs, vanishes and thus determines the maximum value ’
of R for which the phenomenon occurs.

The boundaries between the regions in which the various buckle
patterns occur were found by placing the post axial stiffness equal to
infinity and using & procedure similar to that of the previous sections
to determine the length~width ratio B for various values of R.

When the cover flexursl-stiffness ratio is spproximately 1.5, the
value of B marking the transition from buckling with longitudinal
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nodes through the posts end_buckling with displacement—of the rigid posts
ig found to become equal Lo zero, and thus indicates that the longitudi-
nal node: buckle pattern is ‘unobtainable for values of R less than 1.5.
Because the stability criterion becomes indeterminate when B i1s equal
to zero, more accurate values of the cover flexural-stiffness ratio for
which the phenomenon occurs vere found by placing B equal to the low
value of 0.0l and finding R graphically from equation (11).

Buckling loads attainable with rigid posts.- The buckling loads for
various values of R and B 1n the regiém where the compression cover
buckles with axial displacemeént of the rigid posts were found by graphi-
cally minimizing the loads determined from eguation (11) with respect
to q/M, with the post axisl-stiffnegs parameter equal to infinity, and
with one buckle in the transverse direction.

Y
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20 NACA TN 2153
TARLE I
DATA FOR ONE ROW OF POSTS
R = o R=2 Rel
Type of irype of Type of
| 8 k buckling 8 8 k buckling I3 g k buckling
(a) (a) (a)
0.75 | 2.4] k.3m0] A .75 2.6 k34| a .75 | 2.7|4.3%0| &
.50 | 15.9| 6.250| A .50 20.6 | 6.250 A .50 | 2. by 6.250 A
itg 2k L 7.1 A A5 35,61 7.141 A .45 | 46,571 T.141 A
. 39.3] 8.410| & Ao | 63.418.4101 A b0 |102.8 | 8.410f A
.37 | 5k.9| 9.4 A .37 | 101.7(9.441 A .37 {217.5 | 9. A
.35 | 70.7!10.286 A .35 | 151.2 10.286 A .35 |544.4 10.286 A
.33 | 94.6]{11.292 A .33 | 261L.5 L1.292 A .335| « Q1.0 AorB
.30 }163.2{13.201 A .31 | 659.3 [L2.502 A .25 w [l.6 B
.28 [266.1{14.834 A .30 [1735.% 3.201 A .10 « Jth.9 B
. 268 |40k.9116.000[A or C .29k o 3.6 A orB
.205]|117.7{16.0C0 c .25 « 5.3 B
.20 | 9h.9]16.000 c .207 o |16.000{ B or C
.15 | 65.0{16.000 c .15 | 522.6 [16.000 c
.10 | ke.5(16.000 c .10 | 233.7 [p6.000 c
.05 | 20.9]16.000] C .075] 176.1 [L6.000 c
.05 | 118.9 p6.000 c
R = 0,5 R = 0.25
|Type of Type of
B 8 X |buckling B 8 k buckling
(a) (=)
.75 2.8 K3l+o A C.75 3.0 | k.3%0 A
Sk | 22.2!5. 720 A .60 | 1lh.9 | 5.138 A
.50 | 34.1{6.250 A .54 | 32.k | 5.721 A
A5 | 8hk.3 | T.1k1 A .50 | 60.6{ 6.250 A
b3 1137.717.593] A A48 J134.4 ) 6571 A
.41 (337.3{8.117 A b7 |222.5 6.748 A
.%o |566.4 | 8.410 A L46 |43h.1 ] 6.937 A
.388| = 8.8 Aor B A9l 7.2 A or B
.25 w 1.6 B .25 o 0.0 B
.10 = [12.5 B .10 w [10.6 B
.05 « [12.5 B .05 o [10.6 B
84  Buckling with transverse nodes through the posts: v
B Buckling with deflection of the posts. W
C Buckling with longitudinal nodes through the posts.

iy
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TAELE II
DATA FOR TWO ROWS OF POSTS
R=c R=2 R=1
Type of Type of of
8 g X buckling ) s x tbuckling B s X buckling
{a) (a) (a)
0.75 1.6{ 4.340 A 0.75 1.7 %.340 A 0.75 1.8| .34 A
.50 9.8| 6.250 A .50 11.9} 6.250 A .50 13.4 | 6.250 A
Ao | 21.1) 8.410 A ho 27.7) 8.410 A .10 33.6] 8.k10 A
.35 | 32.3|10.286 A .35 46.2{10.286 A .35 59.6(10.286 A
.30 | 56.T7{13.201 A .30 86.1]13.201 A .30 | 125.1(13.201 A
.27 | 84.9{15.970 A .27 | 143.4j15.970 A .27 | 248.6]15.970 A
.25 1112.9]18.063 A .25 | 209.5]|18.063 A .25 | 450,7|18.063 A
.22 |193.8]22.710 A .22 | Lo9o.8jz2.710 A .235 |1101. 4 |20.163 A
.20 1313.3{27.0k0 A .21 | 767.9)24, 720 A 219 e 22.9 Aor3B
.18 [598.6]32.897 A .20 |1526.7{27.040 A .15 o 28.8 B
.1721888.0}36.000{ A or C .189 @ {30.0 |AorB .10 w  130.8 B
.15 [292.3]36.000 c .15 « 134.8 B .05 o 30.8 B
.10 [157.5/36.000f C .126 e [36.000{ B or C
.05 | 75.2[36.000 c .10 |1933.5{36.000 ]
.075] 918.7}36.000 c
.05 | 597.8136.000 G
.025| 282.7|36.0Q0 c
R = 0.5 R = 0.25
of Type of
] s k mn& B s k  [buckling
(a) (a)
0.75 1.9] k.3%0 A 0.75 1.; 4.3h0 A
.50 15.8( 6.250 A .50 17.91 6.250 A
ko k.0 8.410 A 45 35.0| 7.1 A
.35 93.6{10.286 A .ho 81.5| 8.410 A
.30 } 330.11}13.201 A .37 | 148.81 9.hh1 A
.28 | 813.0]1L.83% A .35 | 289.8(10.286 A
.27 {T130.5{15.970] A .33 |1648.6(11.292 A
. 268 w 15.995| A or B .325 « {11.6 Aor3B
.20 « [20.9 B .20 = [17.0 B
.15 o |22.9 B .15 w 118.3 B
.10 o (24, L B .10 o |19,k B
.05 o |2kl B .05 o [19.4 B
8y Buckling with transverse nodes through the posts. W
B Buckling with deflection of the posts.
c Buckling with longitudinal nodes through the posts.
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TABLE III.
DATA FOR THREE ROWS OF POSTS
Reow ) R=2 R=1
Type of Type of Type of
B 8 X 'buckling B 8 k buckling B | 8 X buckling
(&) (a) . (a)
0.75 1.2} 4.340 A 0.75 1.2} L4.3%0 A .75 1.3] 4.340 A
.50 7.2] 6.250 A .50 8.6] 6.250 A .50 9.6 6.250 A
.34 26.1{10.766 A .34 34.7|10.766 A .34 42.3t10.766 A
.25 T70.6]18.063 A .25 | 104.1|18.063 A .29 76.5]13.975 A
.20 | 153.1}27.040 A .20 | 260.8|27.040 A .25 | 142.5[18.063 A
A7 | 279.0136.331 A JL7 ! 595.2{36.331 A .20 | h56.2{27.0k0 A
.15 | 527.5146.467 A .15 | 2295.5| k6. 467 A .18 [1253.7]32.897 A
L | T7H.9153. 040 A Lk © 53.0 A or B .17 |3473.9}36.331 A
.12711558.4|64.000} A or C 125 w 59.1 B 16k | 39.2 Aor B
.10 | k20.k|6k.000 c J11 © 62.3. . B 10 o 50.3 B
.08 | 308.2}6k.000 c 087 = 64.000|{ B or C .05 o 52.8 B
.0h | 1hh 16k, 000 c .03 | 1151.2{ 64.000 c
.02 | 752.3{64.000 c
0L | 357.3}64.000 c
R = 0.5 R<=0.25
Type of Type of
B 8 k buckling B 2 k buckling
() (=)
0.75 1.3] 4. 340 A 0.75 1.k 4,340 A
.50 10.91{ 6.250 A .50 12.7| 6.250 A
.34 56.5 |10.766 A .40 36.51 8.k10 A
.32 69.2 |11.868 A .3k 87.5110.766 A
.29 | 11%.8[13.975 A .32 | 122.3(11.868 A
.27 | 167.7115.970 A .29 | 247.%|13.975 A
.25 | 263.3]18.063 ‘A .27 | 467.2]15.970 A
.23 1 534.8}20.957 A .26 11781.9(16.860 A
.21 {2097.5 {2k.T20 A .25k o [17.6 A or B
.205 w (258 AorB 175 & |25.3 B
.10 = [38.9 B .10 « |29.9 B
.05 o (40,3 B .05 o {30.8 B
®A  Buckling with trensverse nodes through the posts.

B
c

Buckling with deflection of the posts.
Buckling with longitudinsl nodes through the poats.
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Figure l.- Idealization of box beam stiffened by posts.

23




24

500

NACA TN

TTriprett

TTHOTTTTTTTIIIT ]I

T

L

TVTT]

IR ANNE RN NNEN

300

200

100

LR LERAE LR IIIl‘|I||| TTTT]TT]

' -‘ﬂ-'o

—8

| — 8 —]

Trivtovbvene b bbb v paricerrbonved gty

R AR A N N A RN AR NN L R AN AN R

(

b,

T N

0 Jabrepe i pr gl vy eyl ptr g Ly |||(I|0|F
0 A 2 ) 4 5

(a) Minimum post

exlal stiffness required for compression cover to buckle

with nodes through the posts.

Figure 2.- One row of posts.

2153

Y N Y



WACA TN 2153

20_!III|II|IIIII|IIIlIIJI|IIIlI|!I|I‘IIIII,|1|III_
- Oy i

- 3,75 ~

- et Do . u

— \\ . -

15 _—~-\__g§"“°°\ ]
= ~ioo_ A\ ]

N N _
—————— ——— — ~ ) p—

. 80— _ . ~N _

I -~ ]
Nx b2 ;'_“__"'_—“—,25 — \\ ~ \; 3
k-7Tch 10 ‘\\\"—-\\ : 3
- *T\\_\ .

C b ™ 3

C & .

- = ] =
5L £ -
E —— Buckling with longitudinal nodes through f!'ze posts E

I_ ——— Buckiing with displaced posts ’ . .

— Bucklln'q with transverse nodes through tﬁe posts ]
o'u||fl||n|||||l|;||||||:l||1||||||'II|H| Ligelprey

0 R 2 3 4 .5

(b) Buckling loads for box beams with effectively rigid posts.

I

(o]

b

T TF T TR T TV TP T I v T T T I TR T[T T T T[T T TR eI T VT T T
E - _ E
E Buckling with longitudinal Buckling with transverse E
~ nodes through the posts nodes through the posts
- _ / _:
. Buckling with disploced posts \ : .
= L \ e
- ®. | - ™~ 3
B s trov el ooy e bv oo tegnatab oo by raborvyereyi e
e} E| 2 L 3 4 5

|

25

(c) Buckling phencmena attainable for box beams with effectively rigid

Figure 2.~ Concluded.
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(c¢) Buckling phenomena attainable for box beams with effectively rigid

posts.

Flgure 3.- Concluded.
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Figure 4.- Three rows of posts.
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